St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 12 (Chemistry) 4/9 TEACHING CAL.
This is the plan for the taught curriculum during achievement period: Term 1 half term 2 (November to December)

	Brief summary of the topic/work being covered during this period	

	

	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in KS4
TOPIC Electronic structure
- Students recall The electrons in an atom occupy the lowest available energy levels
(innermost available shells). The electronic structure of an atom can
be represented by numbers or by a diagram. For example, the
electronic structure of sodium is 2,8,1 or [image: ]
showing two electrons in the lowest energy level, eight in the
second energy level and one in the third energy level.
Students may answer questions in terms of either energy levels or
shells.

TOPIC Chemical bonds
Covalent bonding
When atoms share pairs of electrons, they form covalent bonds.
These bonds between atoms are strong.
Covalently bonded substances may consist of small molecules.
Students should be able to recognise common substances that
consist of small molecules from their chemical formula.
Some covalently bonded substances have very large molecules,
such as polymers.
Some covalently bonded substances have giant covalent
structures, such as diamond and silicon dioxide.
The covalent bonds in molecules and giant structures can be
represented in the following forms:
[image: ]
Students should be able to:
• draw dot and cross diagrams for the molecules of hydrogen,
chlorine, oxygen, nitrogen, hydrogen chloride, water, ammonia
and methane
• represent the covalent bonds in small molecules, in the
repeating units of polymers and in part of giant covalent
structures, using a line to represent a single bond
• describe the limitations of using dot and cross, ball and stick, two
and three-dimensional diagrams to represent molecules or giant
structures
• deduce the molecular formula of a substance from a given model
or diagram in these forms showing the atoms and bonds in the
molecule.


	Rationale for students studying this unit/topic 

	This module introduces organic chemistry and its
important applications to everyday life, including
current environmental concerns associated with
sustainability.
The module assumes knowledge and understanding
of the chemical concepts developed in Module 2:
Foundations in chemistry.
The module provides learners with a knowledge and
understanding of the important chemical ideas that
underpin the study of organic chemistry:
•• nomenclature and formula representation,
functional groups, organic reactions and
isomerism
•• aliphatic hydrocarbons (alkanes and alkenes including polymerisation of alkenes)
This module also provides learners with an opportunity
to develop important organic practical skills, including
use of Quickfit apparatus for distillation, heating under
reflux and purification of organic liquids.
In the context of this module, it is important that
learners should appreciate the need to consider
responsible use of organic chemicals in the
environment. Current trends in this context include
reducing demand for hydrocarbon fuels, processing
plastic waste productively, and preventing use of
ozone-depleting chemicals.

	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	Module 4: Core organic chemistry 
4.1 Basic concepts and hydrocarbons 
This section is fundamental to the study of organic
chemistry.
This section introduces the various types of structures
used routinely in organic chemistry, nomenclature,
and the important concepts of homologous series,
functional groups, isomerism and reaction mechanisms
using curly arrows.
The initial ideas are then developed within the context
of the hydrocarbons: alkanes and alkenes.

Naming and representing the formulae of organic compounds
(a) application of IUPAC rules of nomenclature for
systematically naming organic compounds
Nomenclature will be limited to the functional
groups within this specification.
E.g. CH3CH2CH(CH3)CH2OH has the systematic name:
2-methylbutan-1-ol.
Learners will be expected to know the names of the
first ten members of the alkanes homologous series
and their corresponding alkyl groups. 

(b) interpretation and use of the terms:
(i) general formula (the simplest algebraic
formula of a member of a homologous
series) e.g. for an alkane: CnH2n+2
(ii) structural formula (the minimal detail
that shows the arrangement of atoms in a
molecule) e.g. for butane: CH3CH2CH2CH3 or
CH3(CH2)2CH3
(iii) displayed formula (the relative positioning
of atoms and the bonds between them) e.g.
for ethanol: [image: ]

(iv) skeletal formula (the simplified organic
formula, shown by removing hydrogen
atoms from alkyl chains, leaving just a
carbon skeleton and associated functional
groups) e.g. for butan-2-ol: [image: ]

Functional groups
(c) interpretation and use of the terms:
(i) homologous series (a series of organic
compounds having the same functional
group but with each successive member
differing by CH2)
(ii) functional group (a group of atoms
responsible for the characteristic reactions
of a compound)
(iii) alkyl group (of formula CnH2n+1)
(iv) aliphatic (a compound containing carbon
and hydrogen joined together in straight
chains, branched chains or non-aromatic
rings)
(v) alicyclic (an aliphatic compound arranged
in non-aromatic rings with or without side
chains)
(vi) aromatic (a compound containing a
benzene ring)
(vii) saturated (single carbon–carbon bonds
only) and unsaturated (the presence of
multiple carbon–carbon bonds, including
C=C, C/C and aromatic rings)
Definition required for homologous series only.
R may be used to represent alkyl groups, but also
other fragments of organic compounds not involved
in reactions.
The terms saturated and unsaturated will be used
to indicate the presence of multiple carbon–carbon
bonds as distinct from the wider term ‘degree of
saturation’ used also for any multiple bonds and
cyclic compounds.
(d) use of the general formula of a homologous
series to predict the formula of any member of
the series

Isomerism 
(e) explanation of the term structural isomers
(compounds with the same molecular
formula but different structural formulae) and
determination of possible structural formulae of
an organic molecule, given its molecular formula

Reaction mechanisms
(f) the different types of covalent bond fission:
(i) homolytic fission (in terms of each bonding
atom receiving one electron from the
bonded pair, forming two radicals)
(ii) heterolytic fission (in terms of one bonding
atom receiving both electrons from the
bonded pair)
(g) the term radical (a species with an unpaired
electron) and use of ‘dots’ to represent species
that are radicals in mechanisms
(h) a ‘curly arrow’ described as the movement of an
electron pair, showing either heterolytic fission
or formation of a covalent bond
(i) reaction mechanisms, using diagrams, to show
clearly the movement of an electron pair with
‘curly arrows’ and relevant dipoles.

4.1.2 Alkanes
Properties of alkanes
(a) alkanes as saturated hydrocarbons containing
single C–C and C–H bonds as σ-bonds (overlap
of orbitals directly between the bonding atoms);
free rotation of the σ-bond
(b) explanation of the tetrahedral shape and bond
angle around each carbon atom in alkanes in
terms of electron pair repulsion
(see also 2.2.2 g–h)
(c) explanation of the variations in boiling points of
alkanes with different carbon-chain length and
branching, in terms of induced dipole–dipole
interactions (London forces) (see also 2.2.2 k)

Reactions of alkanes 
(d) the low reactivity of alkanes with many reagents
in terms of the high bond enthalpy and very low
polarity of the σ-bonds present
(e) complete combustion of alkanes, as used in fuels,
and the incomplete combustion of alkane fuels
in a limited supply of oxygen with the resulting
potential dangers from CO
(f) the reaction of alkanes with chlorine and
bromine by radical substitution using ultraviolet
radiation, including a mechanism involving
homolytic fission and radical reactions in terms
of initiation, propagation and termination
(see also 4.1.1 f–g)
(g) the limitations of radical substitution in synthesis
by the formation of a mixture of organic
products, in terms of further substitution and
reactions at different positions in a carbon chain.

4.1.3 Alkenes
Properties of alkenes 
(a) alkenes as unsaturated hydrocarbons containing
a C=C bond comprising a π-bond (sideways
overlap of adjacent p-orbitals above and below
the bonding C atoms) and a σ-bond (overlap of
orbitals directly between the bonding atoms)
(see also 4.1.2 a); restricted rotation of the
π-bond
(b) explanation of the trigonal planar shape and
bond angle around each carbon in the C=C of
alkenes in terms of electron pair repulsion
(see also 2.2.2 g–h, 4.1.2 b)
Stereoisomerism in alkenes 
(c) (i) explanation of the terms:
• stereoisomers (compounds with the
same structural formula but with a
different arrangement in space)
• E/Z isomerism (an example of		[image: ]
stereoisomerism, in terms of restricted
rotation about a double bond and the
requirement for two different groups to
be attached to each carbon atom of the
C=C group)
• cis–trans isomerism (a special case
of E/Z isomerism in which two of the
substituent groups attached to each
carbon atom of the C=C group are the
same)
(ii) use of Cahn–Ingold–Prelog (CIP) priority [image: ]
rules to identify the E and Z stereoisomers
(d) determination of possible E/Z or cis–trans
stereoisomers of an organic molecule, given its
structural formula

Addition reactions of alkenes
(e) the reactivity of alkenes in terms of the relatively
low bond enthalpy of the π-bond
(f) addition reactions of alkenes with:
(i) hydrogen in the presence of a suitable
catalyst, e.g. Ni, to form alkanes
(ii) halogens to form dihaloalkanes, including
the use of bromine to detect the presence
of a double C=C bond as a test for
unsaturation in a carbon chain
(iii) hydrogen halides to form haloalkanes
(iv) steam in the presence of an acid catalyst,
e.g. H3PO4, to form alcohols
(g) definition and use of the term electrophile (an
electron pair acceptor)
(h) the mechanism of electrophilic addition in
alkenes by heterolytic fission (see also 4.1.1 h–i)
(i) use of Markownikoff’s rule to predict formation
of a major organic product in addition reactions
of H–X to unsymmetrical alkenes, e.g. H–Br to
propene, in terms of the relative stabilities of
carbocation intermediates in the mechanism

Polymers from alkenes
(j) addition polymerisation of alkenes and
substituted alkenes, including:
(i) the repeat unit of an addition polymer
deduced from a given monomer
(ii) identification of the monomer that would
produce a given section of an addition
polymer

Waste polymers and alternatives
(k) the benefits for sustainability of processing waste
polymers by:
(i) combustion for energy production
(ii) use as an organic feedstock for the
production of plastics and other organic
chemicals
(iii) removal of toxic waste products, e.g.
removal of HCl formed during disposal by
combustion of halogenated plastics
(e.g. PVC)
(l) the benefits to the environment of development
of biodegradable and photodegradable polymers.


Anticipated Gaps
- Students will have to re-think how the electron shells are filled in atoms compared to GCSE Chemistry. They will also have to think about the 3D shapes of molecules and the concept of electronegativity for the first time in their studies.
A more sophisticated approach towards organic functional groups and their reactions. Including the concept of reaction mechanisms which involve the makig and breaking of bonds via two processes called hetreolytic and homolytic bond fission and the use of “curly arrows” to represent these changes.
They will be given a range of simple summary type questions provided by the exam board and lots of tasks which help embed the new/difficult concepts that the students encounter at A level chemistry. Their understanding of these new concepts will be checked via Topic tests done at regular intervals throughout their studies.



	New key terminology students will be taught during this topic/unit

	Alicyclic: an aliphatic compound that is arranged in non-aromatic rings (with or without side
chains).
Aliphatic: a compound containing carbon and hydrogen atoms joined in straight or branched
chains or in non-aromatic rings.
Alkane: a homologous series with the general formula C n H 2n+2 .
Alkyl: a group with the general formula C n H 2n+1 .
Aromatic: an organic compound containing a benzene ring.
Curly Arrow: shows the movement of a pair of electrons. Curly arrows must start from a
bond, a lone pair of electrons or a negative change.
Dipole: a partial charge on an atom which is caused by the differing electronegativities of
atoms in a covalent bond.
Displayed Formula: the relative positions of atoms and the bonds between them. E.g.
Ethanol:
Empirical Formula: the simplest whole number ratio of atoms of each element present in a
compound.
Functional Group: a group of atoms responsible for the characteristic reactions of a
compound.
General Formula: the simplest algebraic formula of a member of a homologous series. E.g.
Alkane: C n H 2n+2 .
Heterolytic Fission: when a covalent bond breaks, one bonding atom receives both
electrons from the bonded pair.
www.pmt.education
Homologous Series: a series of organic compounds containing the same functional group
with successive members differing by -CH 2 .
Homolytic Fission: when a covalent bond breaks, each bonding atom receives one electron
from the bonding pair, forming 2 radicals.
IUPAC: International Union of Pure and Applied Chemistry.
Molecular Formula: the number and type of atoms of each element in a molecule.
Nomenclature: the naming system for compounds.
Organic Compound: a carbon-containing compound.
Radical: a species with an unpaired electron. E.g. Cl•.
Reaction Mechanism: a series of steps that represent the overall reaction by showing the
breaking and forming of bonds using curly arrows.
Saturated: an organic compound which only contains C-C single bonds.
Skeletal Formula: the simplified organic formula, shown by removing hydrogen atoms from
alkyl chains, leaving the carbon skeleton and the functional groups. E.g. butan-2-ol
Structural Formula: the minimal detail that shows the arrangement of atoms in a molecule.
E.g. butane: CH 3 (CH 2 ) 2 CH 3 .
Structural Isomers: compounds with the same molecular formula but different structural
formulae.
Unsaturated: an organic compound which contains at least one C=C double bond, a C≡C
triple bond or an aromatic ring.
www.pmt

σ-bond: a type of covalent bond which forms when atomic orbitals overlap head-on. Sigma
(σ) bonds can rotate freely.
Alkane: a homologous series with the general formula C n H 2n+2 .
Boiling point: the temperature at which a liquid boils and becomes a gas. Shorter, more
branched alkanes have higher boiling points as there are weaker London forces between the
molecules which require less energy to overcome.
Bond Enthalpy: the energy required to break one mole of gaseous bonds. Actual bond
enthalpies may differ from the average as the average bond enthalpy considers a particular
bond in a range of molecules.
Complete Combustion: when a compound is burnt in a plentiful supply of oxygen. When
alkanes are completely combusted, the only products are water and carbon dioxide.
Covalent Bond: a strong bond formed between 2 atoms due to the electrostatic attraction
between a shared pair of electrons and the atomic nuclei.
Electron Pair Repulsion: pairs of electrons around a nucleus repel each other so the shape
that a molecule adopts has these pairs of electrons positioned as far apart as possible. As a
result, carbon atoms in alkanes have a tetrahedral shape and a bond angle of 109.5°.
Homolytic Fission: when a covalent bond breaks, each bonding atom receives one electron
from the bonding pair, forming 2 radicals.
Hydrocarbon: a compound which contains hydrogen and carbon atoms only.
Incomplete Combustion: when a compound is burnt in a limited supply of oxygen. When
alkanes are incompletely combusted, water, carbon monoxide, particulates and some carbon
dioxide may be produced.
Initiation: the first step in a radical substitution mechanism, involving the formation of the
radicals.
London Forces: induced dipole-dipole interactions caused when the random movement of
electrons creates a temporary dipole in one molecule which then induces a dipole in a
neighbouring molecule.
Polar Bond: a covalent bond that has a permanent dipole due to the different
electronegativities of the atoms that make up the bond.
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Propagation: the intermediate steps in a radical substitution mechanism where a radical
reacts with another species.
Radical: a species with an unpaired electron, E.g. Cl•.
Radical Substitution: a type of substitution reaction in which a radical replaces another
atom/ group of atoms in a compound. Alkanes can undergo radical substitution reactions with
chlorine or bromine in the presence of UV light, forming a mixture of organic products (further
substitution or reactions at different positions may occur).
Saturated: an organic compound which only contains single C-C bonds.
Termination: the final steps in a radical substitution mechanism in which 2 radicals react
together to form a species which only contains paired electrons.
Tetrahedral: the shape of a molecule in which the central atom has 4 bonding pairs of
electrons.

σ-bond: a type of covalent bond which forms when atomic orbitals overlap head-on. Sigma
(σ) bonds can rotate freely.
π-bond: a type of covalent bond formed when adjacent p orbitals overlap sideways above
and below the bonding C atoms. Pi (π) bonds can’t be rotated. As π-bonds have low bond
enthalpy, alkenes are more reactive than alkanes.
Addition Polymerisation: the formation of a long chain molecule when many monomers join
together (the polymer is the only product).
Addition Reaction: a reaction in which molecules combine to form a single product.
Alkene: an organic compound containing at least one C=C double bond.
Biodegradable: a substance that can be decomposed by bacteria or other living organisms.
Bond Enthalpy: the energy required to break one mole of gaseous bonds. Actual bond
enthalpies may differ from the average as the average bond enthalpy considers a particular
bond in a range of molecules.
Cahn-Ingold-Prelog (CIP) Priority Rules: a set of rules used to identify whether a
stereoisomer is E or Z. Atoms with a higher atomic number have a higher priority. If the
highest priority substituents on the same side of the double bond (both above or below), it’s
the Z isomer whereas if the highest priority groups are on the opposite sides (one above and
one below), it’s the E isomer.
Catalyst: a substance which increases the rate of a reaction without being used up.
Cis-Trans Isomerism: a type of E/Z isomerism in which the two substituent groups attached
to the cabon atoms are the same. According to the CIP priority rules, cis isomers have the
highest priority substituents on the same side of the double bond (both above or below) while
trans isomers have them on the opposite sides (one above and one below).
Covalent Bond: a strong bond formed between 2 atoms due to the electrostatic attraction
between a shared pair of electrons and the atomic nuclei.
Electron Pair Repulsion: pairs of electrons around a nucleus repel each other so the shape
that a molecule adopts has these pairs of electrons positioned as far apart as possible. As a
result, carbon atoms in alkenes have a trigonal planar shape and a bond angle of 120°.
Electrophile: an electron pair acceptor.
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Electrophilic addition: a reaction in which a π bond is broken and 2 new σ bonds form as a
result of the addition of an electron pair acceptor (electrophile).
E/Z Isomerism: a type of stereoisomerism caused by the restricted rotation of π bonds. Two
different groups must be attached to each carbon atom of the C=C group. According to the
CIP priority rules, Z isomers have the highest priority substituents on the same side of the
double bond (both above or below) while E isomers have them on the opposite sides (one
above and one below).
Heterolytic Fission: when a covalent bond breaks, one bonding atom receives both
electrons from the bonding pair, resulting in the formation of oppositely charged ions.
Hydrocarbon: a compound which contains carbon and hydrogen atoms only.
Markownikoff’s Rule: used to predict what the major product of an addition reaction will be
when H-X is added to an unsymmetrical alkene. H attaches to the less substituted carbon to
generate the more stable carbocation intermediate.
Monomer: a small molecule that is used to form polymers.
Photodegradable: a substance that can be broken down by light.
Polymer: a large molecule made from many small units that have been bonded together.
Primary Carbocation: a molecule in which the carbon with the positive charge is only
attached to one alkyl group. This is the least stable carbocation.
Repeat Unit: a structure within a polymer that appears over and over again. Joining many
repeat units together would form the polymer.
Secondary Carbocation: a molecule in which the carbon with the positive charge is
attached to two alkyl groups. This is more stable than a primary carbocation but less stable
than a tertiary carbocation.
Stereoisomers: compounds with the same structural formula but a different arrangement of
atoms in space.
Structural Formula: the minimal detail that shows the arrangement of atoms in a molecule.
E.g. butane: CH 3 (CH 2 ) 2 CH 3 .
Tertiary Carbocation: a molecule in which the carbon with the positive charge is attached to
three alkyl groups. This is the most stable type of carbocation.
Trigonal Planar: the shape of a molecule in which the central atom has 3 bonding pairs of
electrons.
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Unsaturated: an organic compound containing at least one C=C double bond, a C≡C triple
bond or an aromatic ring. The presence of a C=C double bond means that bromine water will
[bookmark: _GoBack]be decolourised.
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